S C I E N T I F I C I N V E S T I G A T I O N S
M ajor depressive episode (MDE) is associated with poorer health-related quality of life (HRQOL), 1 and insomnia explains a portion of this deficit. Insomnia in MDE is associated with increasing problems with "daily living and role functioning" as measured by the Basis-32, 2,3 compared with MDE without insomnia. 4 Resolution of insomnia in MDE may be important for full restoration of HRQOL. Unfortunately, insomnia is the most common unresolved symptom when MDE has otherwise been successfully treated with the serotonin reuptake inhibitor (SSRI) fluoxetine (FLX). 5 Investigations have examined adding hypnotic medications to SSRIs in the treatment of MDE complicated by insomnia, but none of these stipulated HRQOL as the a priori primary outcome, and none included objective measures of sleep. [6] [7] [8] Targeting HRQOL for hypnotic clinical trials is especially relevant in so far as hypnotics are associated with adverse outcomes. [9] [10] [11] [12] HRQOL simultaneously weighs beneficial and adverse effects of treatment, allowing determination of net health benefit.
METHODS

Overview
Patients with depression and insomnia underwent a week of prospective baseline data collection, followed by one week of open-label FLX monotherapy, starting at 20 mg in the morning.
of the study. Actigraphic data were analyzed using the medium sensitivity setting at 30-sec epochs. Weekly averages of sleep variables were computed from actigraphy software algorithms.
Participants completed one night of 8-h PSG at the end of the first week of baseline data collection and at which time they had been free of psychotropic medications > 2 weeks. The PSG was started at their median bedtime as established from the prospective diary collection. The PSG montage included standard sleep staging, respiratory, and leg movement sensors, and was scored according to standard criteria, 23 blind to participant identity. Latency to persistent sleep (LPS) was defined as the time from lights out to the first epoch of 10 consecutive minutes of uninterrupted sleep. REM latency was defined as the time from LPS to the first epoch of REM sleep, minus intervening wake time. Participants with clinically significant sleep apnea (apneahypopnea index (AHI) ≥ 15) or clinically significant periodic limb movement (PLM) disorder (PLM-arousal index (PLMAI) ≥ 15) were excluded. 24 
Depression, Anxiety, and Clinical Global Illness
Depression severity was tracked by the 24-item HRSD, 13 blind to treatment assignment, at every visit. There are 3 sleep items in the HRSD. Therefore the HRSD was recorded as the total score (HRSD24), and as the sum of the non-sleep items (HRSD21). Response was defined as a 50% decrease in HRSD24, while remission was defined as HRSD24 ≤ 7. The Beck Anxiety Inventory (BAI) was measured at baseline and at the end of study participation as a possible mediator of improvement in HRQOL and depressive symptoms. 25 Clinical Global Impression-Severity (CGI-S) with 1 indicating normal (no illness) to 7, indicating "among the most extremely ill patients," was assessed by a blinded research psychiatrist at each time point during FLX and randomized treatment. Similarly, the CGI-Improvement (CGI-I) was measured at the same time points, with 1 indicating very much improved, and 7 indicating very much worse.
Side Effects and Adverse Events
Adverse events (AEs) and serious adverse events (SAEs) were solicited with open-ended questions at each visit after the initiation of the open-label FLX monotherapy. The most common side effects were assessed using the UKU scale.
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Naturalistic Follow-up Naturalistic follow up was conducted monthly by telephone for 4 months after the end of randomized treatment, and included the PHQ-9, the ISI, the RDC-Insomnia criteria, and an assessment of the adequacy of prescribed antidepressant medication.
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Data Management and Analytic Plan
HRQOL measurement formed the a priori primary endpoints. In prior work we found that the difference between insomniac and non-insomniac depressed patients in the DLRF subscale of the Basis-32 was 0.8 ± 0.8. 4 Assuming that the addition of a hypnotic medication could close this gap by 60% (i.e., 0.48), the sample size required to detect group differences with α = 0.05 and 80% power would be 32 in each group, or 64
Patients experiencing insomnia after one week of FLX were randomly assigned to either double-blind eszopiclone (ESZ) 3 mg or placebo at bedtime and continued with 8 more weeks of open label FLX. Patients with Hamilton Rating Scale for Depression 13 (HRSD) scores > 15 at the end of 4 weeks of randomized treatment could double FLX to 40 mg for the next 4 weeks. At the conclusion of the randomized trial, participants were given appointments for care-as-usual.
Participants
Participants were 18-70 years old, reporting either (a) sleep latency > 30 min and sleep efficiency < 85% at least 4 nights per week, or (b) Research Diagnostic Criteria (RDC) insomnia criteria ≥ 4 nights per week.
14 Phone screening confirmed a likely diagnosis of MDE with a Patient Health Questionnaire (PHQ9) score ≥ 10, 15 body mass index (BMI) ≤ 35, absence of habitual snoring or daytime sleepiness, absence of significant restless leg symptoms, 16 and absence of substance abuse or medical illnesses likely to interfere with sleep. The project was approved by the local institutional review board, and all participants provided written informed consent.
A DSM-IV diagnosis of unipolar MDE per Structured Clinical Interview for DSM-IV (SCID) was made at the first face-toface visit. 17 This visit also confirmed a Mini Mental State Exam (MMSE) score > 24, 18 and a 24-item HRSD score ≥ 20.
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HRQOL
The primary outcome was role competence as described in the Basis-32, using the Daily Living and Role Functioning (DLRF) subscale. 2, 3 We also measured the degree of difficulty in managing relationships with the Relationship to Self and Others (RSO) subscale of the Basis-32. DLRF and RSO each have 7 items scaled from 0 to 4, with 0 indicating no difficulty and 4 indicating extreme difficulty. DLRF and RSO were chosen as the principal HRQOL measures based upon our prior reports that these measures separate depressed patients with insomnia from depressed patients without insomnia. 4 The Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q) rates 14 items with a total score between 20 and 100, with 20 indicating very poor satisfaction, and 100 indicating very high satisfaction. 19, 20 All HRQOL measures were self-rated and were assessed at baseline and at the end of randomized treatment.
Measures of Sleep
Self-Reported Sleep
The first visit was followed by prospective, daily sleep diary collection of bedtime, sleep latency (SL), number of awakenings (NAW), wake after sleep onset (WASO), total sleep time (TST), and rising time for the duration of participation. Participants completed the Insomnia Severity Index (ISI) at every visit. 21 The ISI has 7 items, each scored 0-4, for a maximum of 28 points. Higher scores on the ISI represent greater degrees of insomnia. We defined a decrease of 6 points as clinically meaningful.
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Objective Measures of Sleep
Participants continuously wore an actigraph (Mini Mitter Actiwatch) on their non-dominant wrist for the duration For measures that only had one post-randomization assessment we used analysis of covariance (ANCOVA) techniques to compare groups where the terms in these models included age, gender, baseline (pre-treatment) outcome, and the treatment indicator. If the outcome variable was non-normal and an appropriate transformation was not identified, the ANCOVA model was re-fit using a nonparametric approach that included the ranks of the outcome rather than the actual outcome values in the model.
The naturalistic follow-up data included missing data that appeared to be missing at random, so a mixed linear models approach was used to compare groups. We used SAS Proc Mixed for continuous outcomes and SAS Proc GLIMMIX for categorical outcomes, with fixed effects of time, age, gender, and PHQ-9, treatment group, and a time-by-treatment interaction.
RESULTS
Participant Disposition, Retention, and Treatment Adherence
Sixty participants were randomized after successful completion of clinical and PSG screening, and 51 of these completed the study (Figure 1 ) No participants had resolution of their insomnia after one week of open label FLX; therefore all completing the FLX run-in week were eligible for randomization.
Randomized patients remained in the protocol an average of 62 days out of an expected 70 days; those who completed the total evaluable participants. Sample size calculations were not considered for the secondary outcomes.
Descriptive and inferential statistics were performed using SAS (Version 9.2). For all analyses, a 2-sided p-value < 0.05 was considered statistically significant. Differences in baseline characteristics between groups, and simple pre-post treatment differences were examined using 2-sample t-tests for continuous measures and χ 2 or Fisher exact tests for dichotomous measures. Some outcomes were measured at multiple postrandomization time points (i.e., sleep diary measures), while others were assessed at one post-randomization time point (i.e., PSG). For the outcomes with repeated measures, a mixed models approach was used to compare treatment groups; whereas for the outcomes with only pre-post assessments, a general linear models approach was used to compare treatment groups.
We fit repeated measures mixed model analysis in which participants were treated as random effects. Fixed effects in the model included time, age, gender, baseline (pre-treatment) value of the outcome, the treatment indicator, and treatment by time interactions. Nonsignificant interactions were removed from the model and the model was re-fit. We also compared effect sizes for the primary HRQOL measures using a growth model approach. 28 For certain outcomes measured at several post-randomization time points, we fit Cox proportional hazards regression models to compare time until a particular event occurred (i.e., time to a 6-point drop on ISI score), with age and gender as covariates. ISI total score, favoring the ESZ group ( Table 2) . The likelihood of experiencing an ISI drop ≥ 6 points across the randomized period was significantly greater in the ESZ group than the placebo group (AOR = 7.2; 95% CI: 1.51-34.4; p = 0.01) (Table 2). Cox proportional hazards regression models comparing the adjusted time to a 6-point drop between groups also showed an advantage for ESZ (hazard ratio = 2.3, χ 2 = 5.8, p < 0.05).
Objective Measures of Sleep
Fifty-nine of the 60 randomized persons agreed to wear an actigraph, for a grand total of 3631 nights, and usable actigraphic data was obtained for 82% of nights. There was a significant time-by-group interaction (p < 0.05) for actigraphic sleep latency and for treatment groups across the randomized period (p < 0.01), showing that while sleep latency initially showed superior improvement during the first week of ESZ, this advantage regressed back to the placebo group thereafter. There were no other time-by-group interactions for any other actigraphy variables, and no significant main effects for treatment group ( Table 2 ).
All study completers had a PSG at baseline and at the end of randomized treatment ( Table 3) . Pre-post PSG differences failed to reveal an advantage for ESZ for either latency to the first epoch of sleep or LPS. However, WASO was lower in the ESZ group at the end of treatment, as compared with placebo. Sleep efficiency and TST were higher at the end of randomized treatment in the ESZ group as compared with the placebo group. REM latency approximately doubled in both groups between baseline and the end of treatment, consistent with the known effects of FLX on REM sleep, 29 but there were no differences in REM latency between groups.
Secondary Endpoint Measure: HRSD
There were no time-by-group interactions for the HRSD scores, but there was an effect of group over the randomized period for the 24-item HRSD, favoring ESZ ( Table 2 ). The 21-item HRSD (without the 3 insomnia items) was numerically lower in the ESZ group than the placebo group, but this was not statistically significant. The final response rate in the ESZ group (80%) was greater than that of the placebo group (38%) (χ 2 = 8.4, df = 1, p < 0.01). The presence or absence of a prior history of substance abuse was unrelated to final HRSD score.
The final remission rate for the entire sample was low (25%); while it was numerically greater in the ESZ group (32%) than the placebo group (19%), this difference was not statistically significant. Adjusted Cox proportional hazards regression models comparing the time of initial response between groups also indicated an advantage for ESZ (hazard ratio = 2.6, χ 2 = 6.7, p < 0.01).
Secondary Endpoint Measure: CGI
There were no time-by-group interactions for either CGIseverity or CGI-improvement. There were significant group effects for CGI-severity and CGI-improvement, favoring ESZ ( Table 2) . Adjusted Cox proportional hazards regression survival curves also reflected a significant advantage for ESZ for CGI severity (hazard ratio = 3.0, χ 2 = 6.9, p < 0.01) and a trend favoring ESZ for CGI-improvement for time to initial response (hazard ratio = 1.7, χ 2 = 2.3, p < 0.2).
protocol remained in protocol an average of 97% of the scheduled days of participation, with no differences between groups in the number of days in the protocol, or the number of research pills taken. FLX doses were doubled for 58% of participants after 4 weeks of randomized treatment, with no difference in the rate of doubling between the ESZ and placebo groups.
Participant Demographics, Baseline Symptoms and Baseline HRQOL
The overall randomized sample was middle aged, but with an unexpected imbalance in the age of the treatment groups, with ESZ patients older than placebo patients ( Table 1) . Women constituted two-thirds of each group, with 23% minorities and no differences between groups. The baseline severity of insomnia, as reflected in the ISI, was in the moderate range, and depression severity was in the moderate to severe range, as reflected both by the PHQ-9 and HRSD ( Table 1) .
The average impairments at baseline in the domains of DLRF and RSO were in the "moderate difficulty" range, with no significant group differences ( Table 1) . Similarly, baseline Q-LES-Q scores were in the "poor" range, with no significant group differences.
Primary Hypothesis: End-of-treatment HRQOL
There were no significant interaction terms in any of the HRQOL models. Final DLRF scores were lower (better) in the ESZ group (0.81 ± 0.64) than the placebo group (1.2 ± 0.72), and were lower in women (0.85 ± 0.72) than in men (1.33 ± 0.57). A model for end-of-treatment DLRF, controlling for age, gender and baseline DLRF, showed that treatment assignment (p = 0.01) and gender (p < 0.01) made significant contributions. The effect size for DLRF was 0.62, indicating a moderate effect. The presence or absence of a prior history of substance abuse was not related to DLRF.
Final RSO scores were lower (better) in the ESZ group (0.74 ± 0.71) than in the placebo group (1.04 ± 0.77), and were lower in women (0.73 ± 0.69) than in men (1.2 ± 0.78). A model for end-of-treatment RSO, controlling for age, gender and baseline RSO, showed that treatment assignment (p < 0.05) and gender (p < 0.05) made significant contributions. The effect size for RSO was 0.44, indicating a moderate effect.
Q-LES-Q scores were higher (better) in the ESZ group (50.2 ± 8.11) than in the placebo group (46.9 ± 9.0), and were also higher in women (50.7 ± 8.5) than in men (44.6 ± 7.5). A model for end-of-treatment Q-LES-Q, controlling for age, gender, and baseline Q-LES-Q, showed that treatment assignment made a near significant contribution (p = 0.08), and gender (p < 0.01) made a significant contribution. The effect size for Q-LES-Q was 0.38, indicating a small effect.
Secondary Endpoint: Measures of Sleep
Self-Reported Sleep
There was no time-by-group interaction for any of the sleep diary variables. There were significant main effects across the randomized period for sleep latency, number of awakenings, and total sleep time, all favoring the ESZ group ( Table 2) .
There was no time-by-group interaction for the ISI score. There was a main effect across the randomized period for the differences in age, gender, or original treatment assignment between those patients who could and could not be reached for naturalistic phone follow-up. The reported use of hypnotics fell to a rate of 28% to 43% over follow-up. Women were more likely to still be taking a hypnotic than men (p < 0.05). For example, at the first month of naturalistic follow up, 57% of the women we reached reported using a hypnotic, while only 23% of the men we reached reported using a hypnotic. Correspondingly, over the period of naturalistic follow up, compared with men, the women we reached had lower PHQ-9 scores (p < 0.05), lower ISI scores (p < 0.05), and were less likely to meet RDC criteria for insomnia (p < 0.05). Fully two-thirds of the patients we reached met RDC criteria for insomnia by the first month of follow-up, and average ISI scores during follow-up were about 10. Original randomized treatment assignment was not related to meeting RDC criteria for insomnia, or PHQ-9 or ISI scores during the naturalistic follow-up.
Side Effects and Adverse Events
Except for 46% of the ESZ group which reported an unpleasant taste, there were no meaningful side effects or adverse events.
DISCUSSION
This is the first clinical trial of hypnotic medication to stipulate HRQOL as the a priori primary endpoint, and the first study to evaluate the impact of hypnotic treatment on objective measures of sleep in patients with MDE and the symptom of insomnia. We found a significant advantage for ESZ treatment for the primary endpoint of DLRF. Others have examined HRQOL as a secondary endpoint in hypnotic treatment of insomnia during MDE, finding an advantage for hypnotic treatment. 7, 8 Our finding of a better HRQOL at the end of antidepressant treatment in women was not anticipated, and to our knowledge has not been previously described in depression clinical trials, 30, 31 and will require replication.
There were multiple significant sleep effects favoring ESZ, but not every difference was statistically significant; this is not surprising given that (1) this investigation was not powered to detect differences for the sleep outcomes, and (2) we did not have any PSG or actigraphy severity criteria for inclusion into the study; our study was not enriched for long PSG sleep latency, WASO, etc. Our finding of PSG effects favoring ESZ for WASO, TST, and sleep efficiency are important as depressed patients have been previously shown to report improvement in sleep as depression improved, even when such reported improvement in sleep did not correspond to PSG improvement. 29 Thus it is relevant that we found that patient-reported improvements in sleep were accompanied by PSG improvements.
Regarding actigraphy, the most remarkable finding was the adherence of our participants to a lengthy period of continuous actigraphic measurement-10 weeks, perhaps the longest continuous period ever employed in a clinical trial. Still, actigraphy failed to reveal any significant treatment effects.
We also found superior outcomes for ESZ treatment for overall depression symptoms as reflected in HRSD total score and percent responders. This is consistent with our earlier report of ESZ-treatment of MDE patients on open-label FLX. 6 
Examination of Mediators: BAI and ISI
Given that ESZ acts at the benzodiazepine receptor, it seemed possible that the advantages of ESZ for HRQOL and mood might be mediated through anxiolytic effects, rather than by sleep effects. We tested this by examining a series of linear regression models testing whether (a) treatment group was a predictor of change in BAI, and (b) whether BAI was a predictor of final DLRF or HRSD score while controlling for treatment. The critical ratio of the Sobel Test was calculated as a test of whether the mediated effect of the independent variable on the dependent variable is statistically different from 0. In this case, it was not (p > 0.7). After excluding anxiolysis as a mediating variable for HRQOL or depression severity, we next examined insomnia severity as a mediating variable, using the ISI. Following a similar analytic strategy, we found near-significant evidence for ISI as a mediator of DLRF (p = 0.09) and HRSD (p = 0.09).
Exploratory Endpoints: Naturalistic Follow-Up
The decision to continue or stop hypnotic therapy at the end of randomized treatment was a clinical decision that took into account the preferences of the participant.
Forty-three (72%) of the 60 randomized patients were reached by phone for a naturalistic follow-up assessment at 1 month post-randomization, 35 (58%) at 2 months, 32 (53%) at 3 months, and 28 (47%) at 4 months. There were no significant This study has a number of limitations. The sample size was modest, and was powered to detect significant differences in only the primary endpoint of HRQOL. Therefore, results for all of the secondary endpoints, both those that were statistically significant as well as those which were not, should be viewed with some caution. Second, the duration of the randomized period was relatively short at 8 weeks, and the naturalistic followup was limited in its scope. While this study was focused on the impact of ESZ, we recognize that other hypnotics may produce a similar result.
In general, the participants' elective use of hypnotic during the naturalistic follow-up period was relatively low. This may have been related to participants assuming the costs of medication during naturalistic follow-up, or encouragement from the investigators to try to discontinue hypnotic based upon the observation that benefit may persist after discontinuation. 32 Women elected to continue with a hypnotic at a higher rate than men during naturalistic follow-up. This may be related to women's report of greater HRQOL benefit during randomized treatment, as compared with men's report. 
